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Negative environmental effects, diminishing fossil fuel sources 
and soaring oil prices are some of the pertinent factors militating 
against the long term usage of fossil fuels.  These make the 
introduction of alternative energy sources an integral part of our 
global energy plan. On the contrary, established fossil fuel 
infrastructures, flexibility of fossil fuels and economic gains 
from the oil sector are a few reasons why there is a global 
attitude of ‘drill the last drop before developing sustainable 
alternatives’. 
 
There are various energy sources that have little environmental 
effects and are sustainable (e.g. wind, geothermal, solar, hydro, 
biomass, e.t.c.), but the potentials they do have when it comes 
to the major energy utilization forms (heat, electricity and liquid 
and gaseous fuels) will be a key determinant of how alternative 
energy sources will be able to match the seemingly invincible 
presence of fossil fuels. 
 
The biomass option is examined in this report considering its 
potential with respect to heat, electricity and liquid and gaseous 
fuels market.  Factors that may favour or hinder its potential and 
suitable solutions on how the potential can be increased are 
also discussed.  
 
 






In the face of diminishing global fossil resources, the need has 
emerged more than ever before to explore and embrace : https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of alternative energy sources the world over. Whereas the initial 
impetus for seeking alternative energy sources was the sudden 
and drastic increase in crude oil prices three decades ago, the 
realities currently confronting the world in energy terms are 
more diverse and more potent than prices.  
 
The world today is confronted with the fact that in a matter of 
decades the oil wells will be exhausted, and in a little more time 
gas fields will become relics of history. The global economy  
built mostly on thriving fossil-based energy resources stands 
threatened except the search for viable alternatives can meet 




In towing the path of energy independence there are viable 
options today some of which are at different stages of 
improvement. The biomass option is assessed in this report. 
The potential of biomass will be reviewed with respect to the 
end-use energy forms for which the sources of fossil fuels are 
also known to be used, mainly electricity, heat and liquid and 
gaseous fuels. Focus will be on the market trend, technology, 
acceptability, geography, etc. 
 
 
World Energy Situation 
 
The relationship between development and energy use is an 
established one. It therefore comes as no surprise that the most 
developed countries of the world also top the charts in energy 
production and utilization statistics. 
With civilization came industrialization, which in turn brought 
with it high demands for energy. Besides industrialization, world 
population growth has also immensely contributed to the 1 Copyright © 2006 by ASME 
Use: http://www.asme.org/about-asme/terms-of-use
Downlincreasing demand for energy. The increasing energy demand 
resulting from a combination of industrial growth and 
population growth is most evident in the developing countries 
like China and India, both of which account for more than 30% 
of world’s population today.  It is evident from figures 1 and 2 
that there is a very similar pattern connecting world population 
and energy demand trends.  
Just about a century ago, coal was more or less the only primary 
energy source. Oil and gas came on the scene early in the 
1900’s, and gradually rose to take a sizeable share of the primary 
energy supply in the decades that followed. Not a few factors 
made it possible for the rapid prominence of oil and gas, 
including its energy density, ease of ignition, mobile 
applications, among others. Other energy sources also came on 
the global scene including hydropower, nuclear and lately wind 




Figure 1: Annual Additions and the Annual Growth Rate of 
Global Population [1] 
 
 
Figure 2: Global energy consumption - equivalent of 
gigatonnes of petroleum [2] 
 
Not too long however, it became clear that the reserves of fossil 
sources would not last indefinitely. They are also known for 
their huge contributions to emissions of carbon dioxide and 
other pollutant gases into the atmosphere. Going by the 
environmental trends in respect of global warming resulting 
from anthropogenic ozone layer depletion and green house 
effects all directly traceable to the current modes of energy  
oaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Uproduction and utilization, it became imperative to re-think the 
global energy needs vis -à-vis available options that will not 
compromise continued safety of man and earth. 
This made it necessary to start considering energy options that 
would reasonably meet the growing energy needs with minimal 
impacts on health and environment. In the last few decades, 
starting from 1970’s especially, there has been a lot of work 
particularly in the developed countries on how to effectively 
reduce the use of conventional fuels. 
The fast rate at which these sources of fuel are being depleted 
has also increased the search for renewable sources. According 
to Björn Kjellström [3], coal, oil, fossil gas and uranium are 
estimated to last for about 216, 40, 62 and 108 years respectively. 
There are different sustainable energy alternatives which can 
maintain a balance with the environment, but presently, only a 
small fraction of the world’s total primary energy supply is from 





Figure 3: Share of Total Primary Energy Supply in 2002 –  
10 376 Megatonnes [4] 
 
It is projected that amongst the renewable sources, biomass will 
play a major role in the reduction of the use of fossil fuels due to 
its non-intermittent nature and its ability to be converted into 
various usable end forms.  Biomass global potential is also 
another important factor that will determine the extent to which 





Biomass constitutes all water and land-based organisms, 
vegetation, and trees or virgin biomass, coupled with waste 
biomass such as municipal solid waste (MSW), bio-solids 
(sewage) and animal wastes (manure) and residues, forestry and 
agricultural residues and certain types of industrial wastes [5].   2 Copyright © 2006 by ASME 
se: http://www.asme.org/about-asme/terms-of-use
DownloPlant biomass is produced typically by photosynthetic 
reactions. 
When sustainably utilized, it has minimal negative 
environmental effects and acts as a carbon dioxide fixation 
process. There are two important sources of biomass; energy 
crops and bio-wastes. Energy crops are plants that are grown 
specifically for use as fuel e.g. sugar cane, maize, miscanthus 
and wood while bio-wastes are mostly products of human 
activities that are unwanted. Good examples include agricultural 
wastes, municipal solid wastes, and industrial waste.  
 
Biomass can be combusted directly to produce heat but heat 
alone is not the only desired form of energy. The need thus 
arises for the conversion of raw biomass to other more suitable 
forms like liquid fuels, gas or electricity, as required.  
 
Biomass usable forms and conversion techniques  
 
There are numerous end-use forms of biomass depending on 
the application. Figure 4 below shows a comprehensive chart 
detailing the different conversion paths from raw biomass to the 
desired end-use form. Some of the conversion steps are 
discussed below. 
 
Direct combustion of solid biomass 
 
This is the combustion of wood by way of wood stove or other 
means to produce heat. This practice is common in developing 
countries where domestic cooking relies heavily on this method.  
Biomass alone sometimes accounts for up to half of the total 
primary energy share of some countries in South-east Asia and 
sub-Saharan Africa [6]. Charcoal, derived from pyrolysis (burning 
of wood in the absence of normal quantity of air) is also employed 
in some stoves. 
 
Utilization of Municipal Solid Wastes (MSW) as a bio-energy 
source has assumed a considerable level of importance in the 
last decade, globally. The most attractive application seems to 
be the direct waste combustion at refuse incineration plants 
with heat recovery and flue gas cleaning or by processing the 
refuse into fuel pellets. Refuse incineration plants are commonly 
found in the developed countries, with global installed capacity 
of over 3GW [7]. 
Conversion of Biomass to Liquid Fuels 
 
Various processes are available today for converting biomass 
into liquid fuels, as shown in figure 4 below. These include 
fermentation, trans-esterification and pyrolysis. Ethanol, a 
popular bio-fuel for automobiles, is derived from sugar by the 
process of fermentation. Bio-diesel also is used in diesel  
aded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms oengines and is derived from vegetable oil by trans-esterification 




Figure 4: Conversion chart from raw biomass to end-use forms  
[8] 
 
Brazil has benefited from the rapid growth in ethanol production 
in terms of local economic and environmental standards during 
the past two decades.  Estimates in 1999 showed an annual 
reduction of greenhouse gas emissions by about 13million 
tonnes of carbon. Global production of bio-diesel is estimated at 
1.5million tonnes per year, and still growing [7].  
 
Pyrolysis  can be used to convert woody biomass into bio-oil 
leaving char as a solid residue. 
 
Conversion of Biomass to Gaseous Fuels 
 
Anaerobic digestion 
This is the bacteria l breakdown of organic materials into sugars 
and then into various acids, which are decomposed to biogas. 
This can be done either by the use of landfills, which take years 
to achieve digestion, or by purpose-built digesters, which take 




This is the thermo -chemical processing of woody biomass to 
produce a gaseous fuel.  The quality of the gas obtained 
depends on the type of gasifier (updraft, downdraft and 
fluidized bed) used.  A very interesting aspect of gasification is 
that there is a wide range of possibilities which includes the use 
of a self-contained Biomass Integrated Gasification Combined 
Cycle (BIGCC) system for power generation, operation of 
internal combustion engines with wood gas and production of 
synthesis gas that can be used in fuel cells  [7]. 
 
Regional Availability  
 
The global availability estimate of biomass is given below in 
table 1. Tropical regions hold most of the availability, as shown 
in the table. 
Table 1: Wood volume and woody biomass: review of FRA 2000 
estimates [9] 
 
Region    Biomass (Mt) 
 
Africa    106,194 
Asia    92,997 
Oceania    16595 
Europe    61,055 
North & Central America  56,988 
South America   202,285 
World     536,114 
 
Global utilization of biomass has increased over the last three 
decades, but in some cases it has not been sustainable.  Most 
people in developing countries still employ woody biomass for 
cooking and heating inefficiently while technological 
advancement has seen most developed countries utilizing 
biomass more effectively.  The campaign on efficient firewood 
cooking using such improved methods as hay-boxes needs to 
be taken further in the developing world especially through 
targeted programmes. 
 
Contrary to what may be expected from table 1, the focus on 
biomass enhanced utilization is mostly driven by the developed 
world where the availability is less compared to the developing 
regions. Notable in this drive are America and Europe, especially 
Scandinavia, which are at the fore-front of the biomass energy 
initiative. For example, in Sweden, bio-fuels accounted for up to 
16% of the country’s total energy supply in 2001 and this is 
expected to rise almost twice as much by 2010 [10]. The initiative 
has recorded appreciable levels of success that could be 
emulated by the developing countries where such initiative 
could mean a lot in terms of local economy, job creation, 
development and energy independence.   
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Biomass is limited in direct use for many applications. It is 
however very suitable for direct combustion in heat production 
or heat processes. These applications however have waste heat 
as products. This situation finds relevance in temperate 
environments where heat energy is in high demand and where 
the otherwise waste heat becomes a high-value commodity. This 
is perhaps the most readily accepted utilization form of biomass 
for energy in the developed world.  
 
Though the gradual emergence of biomass as a suitable 
substitute fuel in co-generation applications is a welcome 
development, it still has to contend with the existing fossil fuels 
which are convenient and established, and relatively affordable.  
 
It is easy to appreciate the convenience of utilizing fossil fuels 
considering their established technologies and infrastructure, 
especially on a large scale. With respect to biomass, the same 
scale of utilization comparable to fossil fuels is not too far in 
time from now if the same commitment and focus is channelled 
in this direction as the Brazil experience shows. 
 
Market potential for biomass – liquid and gaseous 
fuels, heating and electricity 
 
Electricity and Heating 
 
For purely electricity power plants, certain factors are important 
in assessing the competitiveness of biomass in comparison to 
alternative fuels. Factors such as type of technology, capacity 
of plant, availability of biomass fuel, prevailing biomass specific 
price in the locality, competing applications for biomass as raw 
materials, prices of alternative fuels, etc are relevant for the 
comparative analyses.  
 
From an economic perspective, the specific investment of a 
steam power plant decreases with increasing plant capacity. But 
because of the energy density of biomass which is lower than 
that of fossils and the logistics associated with getting the 
required biomass fuel to the plant, it is not uncommon to find 
biomass plants of much smaller sizes, sometimes ten times 
smaller, than those of fossil-based plants, according to Friedrich 
K. and Hacker V [8]. This naturally positions a biomass plant on 
a poorly competitive footing from the establishment phase. Use 
of gasifier technology with gas turbine has however proved to 
improve the specific investment drawback associated with the 
steam-boiler type of system. 
 
However, the complex logistics of sourcing, processing and 
transporting biomass fuel to the power plant offer varying 
degrees of job opportunities to the local people. This makes for 4 Copyright © 2006 by ASME 
Use: http://www.asme.org/about-asme/terms-of-use
Downemployment opportunities at different stages of the logistics 
chain thereby leading to wealth distribution in the community 
and better balance of trade for the country. This is one of the 
attractions of the biomass initiative. Future policy direction for 
biomass will likely look beyond cost issues to broader 
considerations covering its macro economic effects on the 
society. 
 
The potential for wood biomass as electricity fuel is currently 
limited except in applications where co-generation is possible or 
where fossil and other fuels are economically unattractive. This 
follows partly from previous discussions on the relative 
affordability of fossil fuel, its convenience and established 
technology. However, given the possibility of co-generation 
with heat recovery, biomass becomes more attractive. This 
partly explains the enthusiasm towards biomass-fired co-
generation plants in the Scandinavia where the recovered heat 
is as valuable a commodity as electricity, or perhaps more.  It is 
also important to note that without considering the 
environmental benefits, woody biomass has no cost advantage 
over fossil fuels such as coal in electricity production [11]. 
 
In regions where heat recovery for space conditioning does not 
present a valuable process, other relevant applications may be 
fashioned to convert the waste heat from electricity production 
to a commodity of value. Such applications may be heat 
recovery for absorption chilling, in which case waste heat is 
recovered and converted to cooling or for ice-making which is a 
relevant commodity in warm climates where direct heat may not 
be useful. Another application may be for drying. Operators of 
the electricity plants may divert the waste heat to commercial 
drying processes, which could be an additional income source 
besides electricity tariffs.  
 
Lastly, power plants operated on cheap biomass sources could 
reasonably compete with non-biomass power plants as long as 
the fuel supply is very cheap. This is expected to be the case 
where there is enough biomass waste e.g. municipal solid waste, 
that could be cheaply recovered and combusted in the plant. 
For such a case, reasonable level of commercial viability is 
expected with or without secondary products as in co-
generation since the variable cost i.e. fuel supply cost, is 
minimal. With this arrangement, regions with little or no need for 
the secondary co-generation products may do very well with a 
basic biomass-fired electric plant. 
 
Liquid fuels  
 
Transportation is one of the sectors that utilize a lot of energy in 
both developed and industrialized countries.  In most situations 
environmental pollution from transportation is very high due to 
its dependency on fossil fuels. 
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transportation which have great potentials to complement or 
replace oil for transportation. The graphs in figure 5 below 
which, shows recent steady growth in the production of bio-
fuels, only signifies the continuous increase in the competitive 
ability of bio -fuels against fossil fuel.  Ethanol can be used in 
internal combustion engines as gasohol (petrol containing up to 
26% ethanol) [7] or directly with suitable engine modifications.  
It has another application in fuel cells as a source of hydrogen. 
It can also be a more cost-effective transport energy solution for 
developing countries since the production is done locally with 
minimal external cost components and no import duty or sea 
freight costs, and the technology is well established. A typical 
example as mentioned earlier is the Brazil experience. 
 
The Brazil ethanol programme has shown that the potential of 
ethanol is very competitive in terms of economics, environment 
and other social aspects of global interest.  Du ring its first 25 
years of operation, about $40 billion was saved from fossil fuel 










































Figure 5: Global total of fuel ethanol and bio-diesel production, 
1999-2003 (billion liters) [12] 
 
Bio-diesel is another liquid fuel which can complement or 
substitute diesel.  Tuning is the only engine modification that is 
necessary to adapt a conventional diesel engine to run on bio-
diesel.  Its major advantage over diesel is that it burns more 
completely thus emissions of carbon mono-oxide (CO) and 
polycyclic aromatic hydrocarbons (PAH) are reduced by more 
than half [7].  
 
There are a variety of esterification techniques for producing 
bio-diesel such as direct use or blending, micro-emulsions, 
thermal cracking and transesterification of vegetable oils .  But 
micro-emulsions method has the potential to reduce the problem 
of high viscosity of vegetable oils [12].  It is pertinent to note 
that good fuel properties of prospective alternatives will also be 
a motivation for the industry.  Table 2 shows a comparison of 
some fuel properties between bio-diesel and fossil diesel.  The 5 Copyright © 2006 by ASME 
Use: http://www.asme.org/about-asme/terms-of-use
Downrelatively low flash point of bio-diesel makes it safer to handle, 









Table 2: Comparison of fuel properties between bio-diesel and 
fossil diesel [13] 
 
Property    Bio-diesel Diesel 
 
Specific gravity, kg/L  0.87-0.89 0.84-0.86 
Cetane number   46-70  47-55 
Cloud point, K   262-289  256-265 
Pour point, K   258-286  237-243 
Flash point, K   408-423  325-350 
Sulphur, wt.%   0.0000-0.0024 0.04-0.01 
Ash, wt.%   0.002-0.01 0.06-0.01 
Iodine number   60-135  - 
Kinematic viscosity, 313K  3.7-5.8  1.9-3.8 





Gaseous fuels from biomass are mainly of two types; gas 
obtained from gasification and biogas from anaerobic digestion 
of biological wastes. The gaseous fuels will have to compete 
with natural gas which has recently become the most widely 
used fossil fuel for energy applications. 
 
Gas obtained from gasification is most suitable for electricity 
generation by using biomass integrated gasification combined 
cycle (BIGCC) systems.  A lot of technological improvements are 
needed before BIGCC systems would replace already existing 
fossil fuel systems for air-planes and remote applications. 
 
Biogas can also be used in co-generation plants to produce 
electricity and heat. It has a wide range of applications ranging 
from domestic cooking to internal combustion engines. Due to 
its methane-based composition, it is also possible to use it in 
fuel cell applications.  Its greatest advantage over natural gas is 
that the required raw material (which is usually biological waste 
e.g. animal dung) from which it can be derived can be obtained 
locally.  There were about 3.4million family sized biogas plants 
installed in India as at 2002 which is only about 28.3% of the 
total potential (12 million) of the family sized biogas plants that 
can be installed in India [14].  However the high cost of 
anaerobic digesters is a hindrance towards the establishment of  
loaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of small scale plants.  But, it is observed from figure 6 that the 
continuous increase in the installed capacity of digesters 












































Figure 6: Deployment of anaerobic digestion in the EU and 
globally [12] 
 
FACTORS AFFECTING BIOMASS POTENTIAL 
 
Much as it is desirable to have alternative energy sources, there 
are factors that influence the utilization potentials of such 
options . It is noteworthy that these factors are not limited to 
biomass alone but cut across all the strata of primary energy 
sources. Some of the main factors that will determine the energy 
share of biomass are briefly discussed below. 
Availability 
 
Though the e arth could be viewed as vast and enormous in  
resources, the growing population of more than six billion 
people is a good reason to have a re-think. A growing 
population places increasing demands on earth resources. It is 
only natural that demand for food, shelter, clothing and other 
necessities will vary with the total population. This will 
reasonably influence the area of land that will be available for 
terrestrial biomass and hence biomass energy potential.  A 
detailed study of more than a dozen European countries, 
comparing energy crops, crop residues and forest residue, 
showed that the largest biomass potential lies in energy crops 
[15].  This increases the competition for available land between 
energy crops and food crops. 
 
Terrestrial biomass availability depends on factors like type of 
land, population, climate and geographical location. As shown 
in table 3, current estimates of land use distribution put global 
arable land and pasture land at about 40%. Though residues 
from pastures and farmlands are good biomass energy 6 Copyright © 2006 by ASME 
Use: http://www.asme.org/about-asme/terms-of-use
Downcandidates, most of the biomass potential may be expected to 
come from woodlands that make only 30% of the total land use. 
The potentials are larger in regions of favorable climate and soil 








 Table 3: Present global land use [16] 
 
                                         Gha (106 ha)       m2 per person 
 
Total land  13.0  21,600 
Arable land  1.5  2,500 
Pastures    3.5  5,800 
Forests/woodlands 4.0  6,600 
Other lands  4.0  6,600 
 
Increasing energy demand 
  
Going by figures 1 and 2, in 2050 when the world’s population is 
expected to have reached 9 billion, the land area per capita will 
have dropped by about 30%, and total energy demand will have 
doubled placing a higher demand on alternative energy options. 
It is expected that in the face of diminishing fossil resources 
there will be more drive for energy alternatives globally. With 
adequate resource management systems and proper planning, it 
would be possible for biomass energy penetration to rise 
significantly in spite of the projected declining per capita 
available land area.  
Energy form 
 
Type of application is another strong factor for global biomass 
utilization potential. Annual terrestrial biomass storage is 
estimated at 3000EJ while total primary energy consumption in 
2002 was estimated at 451EJ  [7], representing about 15% of 
annual terrestrial biomass storage. This estimate alone suggests 
that biomass has the potential to meet world’s total primary 
energy need. It is however not the case because biomass is not 
suitable as a direct energy source for all applications. Systems 
that require high energy density per unit volume are not likely to 
utilize solid biomass because it does not meet this requirement 
compared to liquid fuels or compressed gaseous fuel. This 
places a limitation on the utilization potential of biomass, 




Technology deserves close attention in the analysis of biomass 
global potential. Biomass potential will significantly increase  
loaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of Uwhen technologies for conversion from raw biomass to liquid 
and gaseous forms assume the same dimensions of efficiency as 
that for the boiler technology used for biomass combustion and 
heating applications. Biomass has a wide range of applications 
as well as an enormous potential, but technical challenges must 




Biomass utilization potential is enhanced by the current 
environmental concerns bordering on anthropogenic carbon 
dioxide emissions.  Opportunities exist for biomass plants to 
successfully scale the increasing emission hurdles being 
erected against greenhouse gas net emissions.  For example, a 
blend of 20% bio-diesel with 80% fossil diesel (also referred to 
as B20) is capable of reducing carbon dioxide emissions by 15%, 
while 100% bio-diesel has the potential to reduce CO2 by more 
than 75% when compared with fossil diesel [17].  Also, there are 
trans-border opportunities for emissions trading for renewable 
power plants under the Clean Development Mechanism (CDM) 
of the Kyoto Protocol. This, in addition to clean power 
generation, increases the revenue base and makes biomass 




In terms of price the potential for biomass does not appear 
threatened especially in the heating application where the 
acceptance is currently growing. Also, the technology for 
biomass direct combustion is already developed and 
standardized to a reasonable extent, meaning that there is no 
monopoly of product or technology that usually leads to high 
establishment costs. Focused energy plantation and bio-waste 
management systems are likely to lower the biomass raw 
materials price and further bolster the global potential. Also, 
more developments on the existing modest technology 





Finally, there is no gainsaying the significance that a focused 
and determined policy can have on the global potential of 
biomass, as exemplified by the Brazil experience with ethanol. If 
governments and relevant agencies are committed to the 
biomass drive, particularly in the developing tropical countries 
where the potential is highest, the potential could be enough to 
attain reasonable level of energy independence. It would be 
helpful if policy makers in the developing countries could 
appreciate other perks that are concomitants of the biomass 
initiative besides energy independence; local job creation, 
diversification of local economy, improved local development, 





























Biomass presents a viable energy option in view of the current 
global drive to reduce net anthropogenic carbon dioxide 
emission.  Regions with large availability naturally stand a better 
chance, but more importantly, the potential depends largely on 
the approach of the local authorities. The global utilization 
potential within a right policy framework is expected to rise with 
diminishing fossil resources. With the right focus and 
commitment, proper harnessing of biomass potential represents 
one of the steps many nations could take towards local job 
creation, development, economic diversification and improved 
energy independence. Finally, technological improvements in 
biomass applications would further enhance the potential above 
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